The objective of this study was to evaluate the floristic composition, diversity and ecological characteristics of riparian forest tree species under passive restoration a decade after removing Pinus and Eucalyptus genus forest plantations and comparing the data to a reference ecosystem. The study was conducted in a Mixed Ombrophilous Forest fragment in the municipality of Ponte Alta, state of Santa Catarina, Brazil. A total of 30 plots of 200 m² were installed, 15 in the area under passive restoration and 15 in the reference ecosystem, covering the arboreal and regenerating strata. In these areas, rarefied richness, Shannon index, Pielou evenness, floristic dissimilarity, ecological group representativeness and the tree species dispersal syndromes were evaluated. The families with the highest specific richness were: Myrtaceae (14 species) in the reference ecosystem, and Lauraceae (eight species) in the area under passive restoration. Considering the ecological indicators used and the use of the reference ecosystem, it can be considered that the passive restoration after a decade in forest succession proved to be efficient for enlarging the riparian forests in the studied area. Keywords: Riparian forest, environmental monitoring, reference ecosystem.
INTRODUCTION
Passive restoration can be described as a technique that recommends a low level of human intervention in the environment, mainly relying on the function of restoring the ecosystem to natural processes and to successional dynamics before suspending or eliminating degradation sources (LETCHER; CHAZDON, 2009; SUDING; HOBBS 2009; REIS et al., 2014) . It is considered a viable methodological alternative due to its low cost and high efficiency in sites with fast natural regeneration, generally linked to a scenario with a landscape matrix having connectivity (RODRIGUES et al., 2015) .
The presence of adjacent forest fragments is essential, since even in secondary formation these are responsible for ensuring propagule sources, as well as the presence and quantity of dispersing agents, which consequently promote species recruitment (CIELO-FILHO; SOUZA, 2016) . Over time, it is possible to establish functional connectivity and gene flow between the adjacent fragments and the sites to be restored (LETCHER; CHAZDON, 2009) , thereby providing the re-establishment of a series of processes of the system as a whole and generating a diversity of natural flows (SUDING; HOBBS, 2009; REIS et al., 2014) .
Passive restoration is the most used method for recovering anthropized environments throughout the world (MELI et al., 2017) . In the Mixed Ombrophilous Forest this methodology is able to reincorporate high species richness in areas previously occupied by forest plantations, spontaneously promoting the return of ecological interactions of plant and animal communities in the ecosystem (FERREIRA et al., 2012; FERRACIN et al. 2013; SCARIOT et al., 2014) .
The evaluation of fragments in the secondary stage, called ecological reference, in the same landscape matrix, enables conducting comparative studies with the sites to be restored (RUSCHEL et al. 2009; SUGANUMA et al., 2013) , in addition to making it possible to obtain ecological reference variables, called ecological indicators according to Rodrigues et al. (2015) . Among the reference variables, we highlight species composition, associated dispersion syndromes, ecological groups, forest structure and species diversity (SCHORN et al. 2013; FERRACIN et al. 2013; CIELO-FILHO; SOUZA, 2016) .
In Brazil, conducting passive restoration along with its guidelines described in Resolution No. 429 of CONAMA (2011) are indicated for riparian forest restoration. On the one hand, Schorn et al. (2013) consider that a tested and efficient methodology for restoring riparian forests in the Mixed Ombrophilous Forest as non-existent. On the other hand, pioneering studies guide the use of forest succession (passive restoration) in riparian forests used in the past with silvicultural activities, and show the potential of this methodology (REIS et al., 2007; FERREIRA et al., 2012; SCARIOT et al., 2014) .
The objective of this study was to evaluate the floristic composition, diversity and ecological characteristics of riparian forest tree species under passive restoration a decade after removing forest plantations (species of the Eucalyptus and Pinus genus). Posteriorly, comparing them to a reference ecosystem and answer the following questions: (1) Do the sites under passive restoration in Mixed Ombrophilous Forest present similar tree floristic composition and species diversity to the reference ecosystem? (2) Is there species incorporation of more advanced successional stages in the regenerating stratum of the restoration area in comparison to the arboreal stratum?
MATERIAL AND METHODS
It has a mean altitude of 880 m and a humid subtropical mesothermic Cfb climate (Köppen-Geiger classification), with an average temperature of the hottest months below 22 ºC, and annual precipitation around 1,600 to 1,900 mm (ALVARES et al., 2014) . The soil is Cambisol Haplic with a clayey texture (EMBRAPA, 2013) and undulated relief to smooth undulation (FERREIRA et al., 2012) . The study area is composed of two riparian forest environments, namely: sector one (S1) -ecological reference with 176 ha; and sector two (S2) -forest under passive restoration of 88 ha. Figure 1 . Map of the study area and evaluated sectors (S1 -reference ecosystem and S2 -passive restoration), at the silvicultural Poço Grande Farm, municipality of Ponte Alta, state of Santa Catarina, Brazil. Figura 1. Mapa da área de estudo e setores avaliados (S1 -ecossistema de referência e S2 -restauração passiva), na fazenda silvícola Poço Grande, município de Ponte Alta, Santa Catarina, Brasil.
Historically, S1 sector areas have undergone selective logging cycles, which has not happened for approximately 40 years. In the S2 sector, native vegetation cover was replaced by plantations with commercial forest species around 1965, mainly Pinus and (less expressive) Eucalyptus. In order to promote riparian forest expansion, commercial species were mechanically extracted and degradation sources (domestic animals and initial control of invasive species) were eliminated after two cultivation cycles. Since then, the vegetation has been under natural regeneration for at least ten years. Both sites were classified according to vegetation characteristics, land use maps and current and historical aerial photographs. In addition to the riparian forest environments, the property has 103 ha of Legal Reserve in different stages of succession.
For the study, 15 plots of 10 x 20 m (200 m²) were installed in each sector, and randomly distributed. Among them, ten comprised the arboreal stratum sample of each sector [individuals with circumference at breast height (CBH), measured at 1.30 m above ground level, ≥ 15.7 cm]. The regenerating stratum was evaluated in the other plots (individuals of tree species with height ≥ 10 and < 150 cm). In addition to the angiosperm and gymnosperm species, pteridophytes, which are commonly sampled in this phytophysiognomy, were included in both strata. We carried out species identification based on herbarium exsiccates, specialized literature and by consulting specialists, and the spelling of the scientific names is based on the List of species of Brazilian flora (FLORA DO BRASIL 2020; FLORA DO BRASIL, 2018) . For young plants, the identifications were based on dendrological characteristics and on comparisons with a survey made on the same property by 526 FLORESTA, Curitiba, PR, v. 48, n. 4, out Ferreira et al. (2012) . The collections with reproductive structures were deposited in the Lages Herbarium of the State University of Santa Catarina (LUSC) and the non-reproductive collections (young plants) were stored in the Forest Ecology Laboratory of the State University of Santa Catarina.
To describe the ecological indicators, the species were classified into ecological groups (EG) according to Budowski (1965) , and dispersion syndromes (DS) according to Van der Pijl (1972) , through field observations, diaspore characteristics and consultations, especially by Reitz et al. (1978) and Giehl et al. (2007) . Relative participation of species and individuals in the EG and DS was analyzed by the proportion test (p ≤ 0.05) between sectors for each EG or DS in relation to the total sampled. The diversity in the strata of each sector was subsequently evaluated by the Shannon index (H'), evenness by the Pielou index (J'), and a comparison of the Shannon index was performed by the Hutcheson t-test.
The sample intensity was verified by the values obtained in the average curve of species accumulation using the permutational method as based on the species/area ratio. Standardized wealth estimation was determined using a rarefaction curve, allowing a comparison of wealth among the evaluated sectors.
We evaluated the existence of floristic-structural patterns by the Non-Metric Multidimensional Scaling (NMDS) method and by the Bray-Curtis index, followed by the STandardized REsidual Sum of Squares (STRESS) analysis value. Significant differences in the floristic-structural composition of the sectors for each stratum were subsequently verified using Permutational Multivariate Analysis of Variation (PERMANOVA). The R statistical program was used for these analyses (R DEVELOPMENT CORE TEAM, 2016).
RESULTS
A total of 89 species were sampled, constituents of the arboreal and regenerating strata belonging to 60 genera and 35 botanical families (Table 1) . It was not possible to identify two individuals of the S1 sector tree stratum in this study. Figure 2 shows the species of highest importance value that compose the tree stratum for each sampled area. The comparisons of the ecological indicators between sectors and the sample intensity are presented in Table 2 . The sample adequacy was achieved with adherence to the criterion proposed by Cain and Castro (1959) for both sectors and in both strata, where the increase of 10% in sample area did not surpass the inclusion of 10% of new species. Sample intensity values are presented in Table 2 . The floristic-structural dissimilarity was high among the sector plots, with significant floristic-structural distance and ratified by PERMANOVA (p < 0.01). Interpretation of results by NMDS is possible because STRESS values are less than 0.2. Figure 3 . Non-metric Multidimensional Scaling (NMDS) for plots and sampled species; (a) arboreal stratum and (b) regeneration stratum, sectors S1 and S2. Figura 3. Escalonamento Multidimensional Não Métrico (NMDS) para parcelas e espécies amostradas; (a) estrato arbóreo e (b) estrato regenerante, setores S1 e S2.
DISCUSSION
In the reference ecosystem (S1), Myrtaceae stood out as the richest family with 14 species; a fact quite common in surveys carried out in Mixed Ombrophilous Forests, mainly in mature secondary forests (SIMINSKI et al., 2011; VIBRANS et al., 2011; FERREIRA et al., 2012) . In the S2 sector, Myrtaceae was not a very expressive family, with the general species Myrcia splendens (Sw.) DC. as its only representative. The most representative botanical family in this sector was Lauraceae, which is also commonly sampled in this phytophysiognomy (REITZ et al., 1978; VIBRANS et al., 2011) .
Due to the fact that Myrtaceae is characterized as a family with exclusive zoochoric dispersion syndrome (GRESSLER et al., 2006) , a possible failure in the arrival of propagules, in the recruitment of species and/or in the establishment of individuals of this family for sector S2 were first suggested. However, the study by Scariot et al. (2014) corroborates the results obtained in this study, in which Myrtaceae was not an expressive FLORESTA, Curitiba, PR, v. 48, n. 4, out family. No species of the family were sampled after two decades of passive restoration in an area previously used for forest plantations. Thus, we consider that the species incorporation of this family in the forest is gradual and the short period in forest succession (a decade) is not enough to allow greater participation of the family. We emphasize that other factors may be influencing this process, such as the absence of ecological corridors, as well as dispersing agents, landscape connectivity, or abiotic characteristics of the site.
Among the evaluated species, Pinus taeda deserves to be highlighted, and can be considered a threat to biodiversity due to its invasive nature in open areas of Mixed Ombrophilous Forest (EMER; FONSECA, 2011) . This was the only species of the arboreal composition that presents invasive character and only occurred in the S2 sector. This highlights the importance of monitoring the restoration process, which enables indicating the need for intervention and managing the environment. In this case, it acts as an eliminator of a future source of propagules in the environment when these individuals reach the reproductive stage.
Throughout the successional process, there is a tendency of an increase in the proportion of more demanding individuals in environmental conditions, mainly propitiated by the lower light incidence. Thus, the greatest abundance of pioneer individuals, as observed in S2 (Table 2) , has the function of preparing the environment for climatic species, since pioneer species naturally have an early senescence, playing the role of facilitator in the successional process (REIS et al., 2007) . With the natural death of pioneer species individuals and the consequent decrease of density, they become less frequent starting from 15 years of the forest (RUSCHEL et al., 2009; SIMINSKI et al., 2011) .
In addition to abundance, the S2 sector obtained the highest proportion of pioneer species. This fact was expected among the evaluated sectors, since the pioneer tree species constituted the first forest stratum of the environment to be restored at the beginning of the forest succession process.
The large number of pioneer species observed in the regenerating stratum in S1 (eight species), and S2 (16 species), evidences the difficulty in the substitution process. Or, more likely, a short period of time for forming a modified microenvironment suitable for occupation, by demanding species, as promoted by the occupation of the arboreal stratum (RODRIGUES et al., 2015) . We also consider that there is environmental heterogeneity in the forest (with the opening of clearings being possible), mainly caused by the death of individuals, which makes the light arrival to the forest soil more intense and enables pioneer species present in the soil seed bank to germinate (MACIEL et al., 2004) .
There were more species with zoochoric dispersion syndrome in the S2 sector, 15 species for the arboreal stratum (55.6%) and 26 species for the regenerating stratum (68.4%), compared to the other syndromes evaluated. According to Giehl et al. (2007) , zoochory is the main dispersion form for Mixed Ombrophilous Forest; a fact reinforced by the obtained results. The sites under passive restoration have a close relationship with zoochoric species, meaning there is a great dependence of animals on this phytophysiognomy (FERREIRA et al., 2012; FERRACIN et al. 2013; SCARIOT et al., 2014; CIELO-FILHO; SOUZA, 2016) .
The Shannon Index (H') indicated considerable species diversity, with values varying from 2.09 to 2.99 nats ind-1. These values are consistent with the variation found by Vibrans et al. (2011) for the Mixed Ombrophilous Forest of Santa Catarina, in environments under different successional stages (H' ranging from 2.85 to 2.90 nats ind -1 ). Dalla Rosa et al. (2015) found values similar to those of the present study for a fragment with influence of forest plantations in the southern plateau of Santa Catarina. However, the highest values found by these authors refer to the arboreal stratum (H' = 3.2 nats ind -1 ), while the highest values in the present study were found for the regenerating stratum. This may indicate the possibility of maintaining or even increasing the diversity in the future (RUSCHEL et al., 2009; RODRIGUES et al., 2015) .
There was an increase in the values of H', J' and standardized richness of the adult stratum for the regeneranting in the S2 sector with the incorporation of species in more advanced stages in the regenerating stratum, thereby answering the second question of this study.
We considered that there is a possible presence of ecological dominance (J'= 0.69) in the adult stratum (Table 2) caused by the abundance of the Mimosa scabrella pioneer species. Occupation by this species was expected, since it is commonly found in high density in the initial phase of secondary Mixed Ombrophilous Forest formations (FERREIRA et al., 2017) . As it is a species capable of promoting ecological facilitation or nucleation in restoring environments , M. scabrella was the species with the highest importance value in an evaluation performed by Ferreira et al. (2012) , three years after the riparian forests began to expand.
Populations of M. scabrella tend to reduce the number of individuals gradually over time, from 13 to 20 years of forest (SCARIOT et al., 2014) . Therefore, it is assumed that in the S2 sector (in forest succession since 2005), total substitution of the species has not yet occurred, occupying a large portion of the importance value of the S2 sector adult stratum, as observed in Figure 2 . According to Ruschel et al. (2009) of the initial species that currently compose the canopy of the forest under restoration, there will possibly be incorporation of species individuals of more advanced successional stages.
The NMDS ordering showed differences in the floristic-structural composition between the S1 and S2 sectors, with several species characterizing the arboreal stratum ( Figure 3A) , and the regenerating stratum ( Figure 3B ). The study developed by Scariot et al. (2014) corroborates this research, as it also revealed low floristic similarity among the evaluated fragments, including in sites under passive restoration and conserved environments. Fragments such as riparian forests in more advanced successional stages as well as the Legal Reserve are important propagule sources. However, for large areas, such as this farm (Figure 1) , the arrival of propagules may occur differently, including from non-sampled areas such as areas outside the farm, which could partially explain the floristic distance found between the sectors.
In general, significant differences for the tree stratum were observed for most of the evaluated ecological indicators, showing that there are differences between the successional stages of the environments. Regarding the regenerating stratum and despite significant floristic-structural differences, similarities were observed in the ecological indicators such as standardized richness, H' and J', which suggests resilience of the area under restoration (S2) in detriment to possible connectivity with S1. Furthermore, it is assumed that natural regeneration presents heterogeneous behavior in the forest due to biotic and abiotic factors (SCARIOT et al. 2014; REIS et al., 2014) .
According to Suding and Hobbs (2009) , the gradual enrichment of ecosystems under restoration is done by new animal and plant species entering, which depends on a series of internal factors (competition, predation and facilitation) and external factors (flows in the landscape and regional set of species). These factors can result in different communities in terms of composition and structure, meaning that it is not intended for two environments to be identical, but rather that they are diverse enough that they can perpetuate themselves, allowing restoration to be part of a continuous dynamic process . Therefore, a decade after forest plantations being removed, the tree composition presents differences which are evidenced by the succession time. Regarding species diversity, there are similar values between the sector and the reference area, and the area under passive forest restoration process.
CONCLUSIONS
• After a decade in succession, the passive restoration showed to be efficient for enlarging the riparian forest located in the Mixed Ombrophilous Forest, with values of tree richness, diversity, evenness, number of individuals from later succession and zoochoric stages being maintained and incorporated from the arboreal to the regenerating stratum.
• The regenerating stratum of the forest under passive restoration, and the reference ecosystem did not show differences at diversity levels of tree species. This indicate that the evaluated restoration process allows environments in restoration to reach a level of composition and structure similar to the reference ecosystem over time.
